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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim 1] It has a source field of the same conductivity type in said principal plane which has two or more 
slots each other arranged in parallel in one principal plane of a semiconductor base of one conductivity type 
which is a drain field, and was inserted into it in said slot. Inside said slot It has a fixed potential insulation 
electrode which was insulated with said drain field by insulator layer, and was maintained at this potential 
with said source field. Said fixed potential insulation electrode Without consisting of a conductive material 
which has a property which forms a depletion region in said drain field which adjoins through said insulator 
layer and touching said source field And it has a gate field of an opposite conductivity type which touches 
said drain field and said insulator layer. It has a channel field which is said a part of drain field contiguous to 
said source field, and was inserted into said fixed potential insulation electrode. Potential of said gate field in 
the condition of being maintained at potential and this potential of said source field With a potential barrier 
which said depletion region forms in said channel field If said source field and said drain field are a cut off 
state electrically and potential of said gate field turns into potential which changes into a forward bias 
condition pn junction formed between said gate fields and said source fields Electric field from said fixed 
potential insulation electrode which an inversion layer is formed in an interface of said insulator layer which 
said gate field touches, and forms said depletion region are covered. In a semiconductor device of a 
configuration so that conductivity of said drain field may improve by reducing or disappearing said depletion 
region, said channel field being in switch-on, and a minority carrier being further poured into said drain field > 
semiconductor device characterized by what is constituted so that an interface which touches said insulator 
-layer of said channel field-may become field bearing where mobility of a_minority carrier to a direction paralle 
to said principal plane at least is low. t 
[Claim 2] A semiconductor device according to claim 1 which said channel field is n mold silicon single 
crystal field, and is characterized by field bearing of said insulator layer interface consisting of {100} sides. 
[Claim 3] A semiconductor device according to claim 1 characterized by for said channel field being a p-type 
silicon single crystal field, for field bearing of said insulator layer interface being {110} sides, and crystal 
orientations parallel to said principal plane being the <110> directions. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the vertical mold power element 

using a U character mold insulation electrode. 

[0002] 

[Description of the Prior Art] As structure in connection with this invention, the equipment of a publication 
is in the JP,6-252408,A public presentation patent official report for which these people applied before. 
Since fundamental structures other than the feature portion of this invention are similar with the gestalt of 
operation of this invention, above equipment explains the structure of equipment conventionally [ said ] 
using drawing 1 which shows the gestalt of operation of this invention - drawing 4 . In addition, for 
explanation, the name of the number in drawing and a part etc. is changed suitably, and is indicated. 
[0003] Drawing 1 is the isometric plot showing the semiconductor device concerned. Drawing 2 is a cross 
section and equivalent to the cross section of the front face in drawing 5 . Drawing 3 is another cross 
section of the semiconductor device concerned, and shows the same part as the cross section of the side 
of drawing 5 . Drawing 4 is surface drawing of the semiconductor device concerned, and is the same part as 
the upper surface of drawing 5 . The cross section cut through segment A-A' in drawing 4 in the field 
perpendicular to space is drawing 1 , and the cross section cut in the same field perpendicular to segment 
B-B' becomes drawing 3 . 

[0004] As for n+ mold substrate field and 2, the number in drawing and 1 are [ n-mold drain field and 3 J n+ 
mold source fields .Two or more slots were trenched [ each other ] in-parallel exist a side wall in the_ 
semiconductor surface almost perpendicularly. It is insulated with surrounding n mold field by the insulator 
layer 5, and the MOS mold electrode 4 which consists of polish recon of p+ mold is embedded at the wall. 
Moreover, as shown in drawing 2 , ohmic contact of the source electrode 1 3 is carried out to the source 
field 3 and the MOS mold electrode 4. Therefore, the MOS mold electrode 4 is made to call it the source 
field 3 with "the fixed potential insulation electrode 6" in accordance with this MOS mold electrode 4 and 
insulator layer 5, since it is always this potential. Among the drain fields 2, 7 is the portion pinched by two 
fixed potential insulation electrodes 6, and is the channel field of this semiconductor device. 8 is the gate 
field which consists of a p type semiconductor field, and from the source field 3, although it is separated, it 
is in contact with the drain field 2 and the insulator layer 5. 9 is an interlayer insulation film. The drain 
electrode in which 1 1 carries out ohmic contact to the drain field 1, and 18 are gate electrodes which carry 
out ohmic contact to the gate electrode 8. In addition, in order to clarify explanation, in drawing 1 and 
drawing 4 , the publication of the surface electrode indicated by drawing 2 and drawing 3 is excluded. 
[0005] Actuation of this semiconductor device is explained. The semiconductor device shown in drawing 1 - 
drawing 4 grounds a source electrode (0V), and a drain electrode is used through a load, connecting with 
appropriate positive potential. 

[0006] It explains using drawing 2 . Although it is a cut off state first, when the gate electrode 18 is in a 
touch-down condition, a device is a cut off state. Although the depletion region accompanying built-in 
potential is formed in the perimeter of the Fixed potential insulation electrode 6, if two fixed potential 
insulation inter-electrode distance (this will be hereafter called "channel thickness H") which counters in a 
channel field is narrow enough, in the channel field 7, enough potential barriers over conduction electron will 
be formed of this depletion region. For example, if the high impurity concentration of the channel field 7 is 
set about [ 1x1 01 4cm ~ ] to three and the above "channel thickness H" is set as 2 micrometers or less, 
enough potential barriers which obstruct that the conduction electron of n+ mold source field moves to the 
drain field 2 side through the channel field 7 can be acquired. 

[0007] Moreover, the distance (this will be hereafter called "channel length L ) from the source field 3 to 
the pars basilaris ossis occipitalis of the fixed potential insulation electrode 6 is set up with 2 of said channe 
thickness H thru/or 3 or more times so that the height of this potential barrier may not fall under the effect 
of the electric field from the drain field 2 side. The cut off state of the channel field 7 is maintained to 
avalanche breakdown conditions by this condition. 

[0008] Next, although it is a turn-on, if positive potential is impressed to the gate electrode 18, the potential 
of p mold gate field 8 will rise, an electron hole will flow into the insulator layer interface which touches this, 
and an inversion layer will be formed. Since an inversion layer covers the electric field from the MOS mold 
electrode 4 which is p+ mold to the channel field 7, a depletion region contracts or disappears and a channel 
opens it. When the potential of the gate field 8 becomes still higher, the pn junction between the gate field 8 
of p mold, the drain field 2 of n mold, or the channel field 7 will be in a forward bias condition, and the 
electron hole which is a minority carrier will be poured in to n mold field. Since high impurity concentration i* 
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low made in order that these n mold field may raise high pressure-proofing or the cutoff nature of a channel, 
if a minority carrier is poured in in large quantities, conductivity will improve, and the electron emitted from 
the source field 3 moves to the substrate field 1 with high conductivity. 

[0009] By the way, the current which flowed into the gate electrode 18 turns into an electron hole style 
from p mold gate field 8, and, finally most flows into the source field 3. Although that most spreads inside the 
drain field 2 and it contributes to improvement in the conductivity of this field, there is also a portion which 
is transmitted to the interface of an insulator layer 5 in inside, and flows into the source field 3 by the 
minimum distance. Since this portion does not contribute to the conductivity modulation of the drain field 2, 
if there are many these portions, the ratio called the so-called "current amplification factor" (drain current 
/ gate current) will become low, and effectiveness will worsen. 
[0010] 

[Problem(s) to be Solved by the Invention] As mentioned above, in this semiconductor device, the technical 
problem that it did not improve so that there may be a portion which does not contribute to the conductivity 
modulation of a drain field among the poured-in electron holes and a current amplification factor may 
consider occurred. This invention solves such a technical problem and it aims at realizing the semiconductor 
device of the structure concerned where a current amplification factor is high. 

[0011] , , . . JB . 

[Means for Solving the Problem] In order to solve a technical problem, a configuration which is indicated to 
said claim in this invention is taken. Namely, in claim 1, although first aimed at a semiconductor device of the 
following structures For example, it has two or more slots each other arranged in parallel at one principal 
plane of a drain field which is a n-type semiconductor. It has a fixed potential insulation electrode which has 
the same conductivity-type (here n mold) source field in said principal plane inserted into this slot, and was 
insulated with said drain field by insulator layer inside said slot, and was maintained at this potential with said 
source field. In addition, this electrode consists of a conductive material (for example, p+ mold polish recon) 
which has a property which forms a depletion region in said drain field which adjoins through said insulator 
layer. It has a gate field of an opposite conductivity type (here p mold) which touches said drain field and 
said insulator layer without touching said source field furthermore, and further, it is said a part of drain field 
contiguous to said source field, and has a channel field inserted into said fixed potential insulation electrode, 
and in the condition that potential of said gate field is maintained at potential and this potential of said 
source field With a potential barrier which said depletion region forms in said channel field At the time of 
potential which changes into a forward bias condition pn junction by which said source field and said drain 
field are a cut off state electrically, and potential of said gate field is formed between said gate fields (here, p^ 
mold) and said source fields (here n mold) By covering electric field from said fixed potential insulation 
electrode which an inversion layer (here, it consists of an electron hole) is formed in an interface of said 
insulator layer which said gate field touches, and forms said depletion region It is the semiconductor device 
of structure whose conductivity of said drain field improves by contracting or vanishing said depletion region : 
said channel field being in switch-on, and a minority carrier (here electron hole) being further poured into 
said drain field. 

[0012] About the above configuration, these people have already applied by JP.6-252408.A. In this invention, 
said insulator layer interface (namely, side wall of said slot) which touches said channel field considers as a 
configuration formed in the field bearing where mobility of a direction (namely, direction to which said source 
field and said gate field are connected) parallel to said principal plane at least is low among mobility to said 
minority carrier (here electron hole) further in a semiconductor device of such structure, in addition, the 
aforementioned "field bearing where mobility is low" means choosing field bearing among various 
crystal-face bearings of a semiconductor where mobility of said minority carrier is lower than other field 
bearings, and it specifically indicates to claims 2 and 3 — the time — field bearing — corresponding . 
[0013] a claim — two — a claim — one — more — being concrete — a configuration — one — a ** — 
limiting — although — said — a channel — a field — n — a mold — a silicon single crystal — a field — it i: 

— a case — a minority carrier (here electron hole) — depending — an inversion layer — forming — having 

— said — an insulator layer — an interface (namely, side wall of said slot) — said — a minority carrier (her* 
electron hole) — receiving — mobility — being low — { — 100 — } — a field — becoming — as — a 
configuration — ** — carrying out . 

[0014] Furthermore, although claim 3 similarly limits one of the more concrete configurations of claim 1 
When said channel field is a p-type silicon single crystal field, said insulator layer interface (namely, side wall 
of said slot) in which an inversion layer by minority carrier (here electron) is formed It considers as a 
configuration [ as / whose directions (namely, direction where an electron in an inversion layer moves to a 
source field from a gate field) still more nearly parallel to said principal plane it is {110} sides and are the 
<1 10> directions where mobility to said minority carrier (here electron) is low ]. 
[0015] 

[Effect of the Invention] Also when it was a configuration like above this inventions and the same gate 
current is poured in compared with the case where that is not right, it is transmitted to the inversion layer 
of an insulator layer interface among the minority carriers poured in from said gate field, and flows to said 
source field, the part which does not contribute to the conductivity modulation of a drain field decreases, 
and a current amplification factor improves as a result. 

[0016] Moreover, claim 2 is what limited claim 1 still more concretely, and when this transistor is built on n 
mold silicon substrate, if field bearing is chosen and made as mentioned above, its current amplification 
factor will improve most. 

[0017] Moreover, although claim 3 similarly limits claim 1 still more concretely, when this transistor is built oi 
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a p-type silicon substrate, if field bearing is chosen and made as mentioned above, a current amplification 

factor will improve most. 

[0018] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. It is the isometric plot in which 
drawing 1 - drawing 4 are drawings showing the gestalt of 1 operation of this invention, and drawing 1 shows 
the semiconductor device concerned. Drawing 2 is a cross section and equivalent to the cross section of 
the front face in drains: 5 . Drawing 3 is another cross section of the semiconductor device concerned, and 
shows the same part as the cross section of the side of drawing 5 . Drawing 4 is surface drawing of the 
semiconductor device concerned, and is the same part as the upper surface of drawing 5 . The cross 
section cut through segment A-A' in drawing 4 in the field perpendicular to space is drawing 1 , and the 
cross section cut in the same field perpendicular to segment B-B' becomes drawing 3 . 
[0019] As for n+ mold substrate field and 2, the number in drawing and 1 are [ n-mold drain field and 3 ] n+ 
mold source fields. Two or more slots were trenched [ each other ] in parallel exist a side wall in the 
semiconductor surface almost perpendicularly. It is insulated with surrounding n mold field by the insulator 
layer 5, and the MOS mold electrode 4 which consists of polish recon of p+ mold is embedded at the wall. 
Moreover, as shown in drawing 2 , ohmic contact of the source electrode 1 3 is carried out to the source 
field 3 and the MOS mold electrode 4. Therefore, the MOS mold electrode 4 is made to call it the source 
field 3 with ''the fixed potential insulation electrode 6" in accordance with this MOS mold electrode 4 and 
insulator layer 5, since it is always this potential. Among the drain fields 2, 7 is the portion pinched by two 
fixed potential insulation electrodes 6, and is the channel field of this semiconductor device. 8 is the gate 
field which consists of a p type semiconductor field, and from the source field 3, although it is separated, it 
is in contact with the drain field 2 and the insulator layer 5. 9 is an interlayer insulation film. The drain 
electrode in which 11 carries out ohmic contact to the drain field 1, and 18 are gate electrodes which carry 
out ohmic contact to the gate electrode 8. In addition, in order to clarify explanation, in drawing 1 and 
drawing 4 , the publication of the surface electrode indicated bv drawing 2 and drawing 3 is excluded. 
[0020] The thing and fundamental portion which explained the device structure in connection with this 
invention like the above in the column of said conventional technology are the same, and a different point is 
only field bearing of the interface which touches said insulator layer 5 of the channel field 7. Moreover, since 
fundamental actuation of said equipment is the same as the column of said conventional technology 
explained, it omits and the portion by which it is characterized [ of this invention ] is explained hereafter. 
[0021] Although drawing 5 built as {100} what built the device by making into <1 10> shaft orientations the 
direction where field bearing of said-insulator layer- interface of said channel field_7_is made Jnto {1 1 0j .sides . 
(when the channel field 7 is n mold silicon), and an electron hole style flows the aforementioned 
semiconductor device, and field bearing of this interface, it is the graph which measured and compared the 
current amplification factor. The horizontal axis of a graph is the drain current density of a transistor chip, 
and an axis of ordinate is the ratio of (a drain current value / gate current value) in the so-called "current 
amplification factor." 

[0022] The direction of the transistor whose field bearing of said insulator layer interface in accordance with 
this invention is {100} has a high current amplification factor as seen to drawing 5 . In addition, although 
epitaxial growth of the drain field 2 of the transistor made as an experiment was carried out on the substrate 
field 1, the thickness of a drain field was set as about 50 micrometers so that a semiconductor device might 
have pressure-proofing of 600V at least. Moreover, the voltage between the drain sources at the time of 
measurement is 5V. 

[0023] Moreover, although drawing 1 - drawing 4 showed the version which used the substrate field 1 as n 
mold, this is equivalent to said claim 2. By this invention, as shown in said claim 3, it is materialized also with 
the structure which used the substrate field 1 as p mold (when the channel field 7 is p-type silicon), in 
addition replaced the conduction type of all semiconductor regions. Namely, what is necessary is to choose 
so that electronic inversion layer mobility may become the lowest field bearing, i.e., {1 10} sides, and just to 
complete structure so that a direction parallel to the surface which is the direction of an electron flow may 
become in the <1 10> directions since the inversion layer by the electron is shortly formed in an insulator 
layer interface in that case. 

[0024] In addition, this invention is similarly materialized, even when made using compound semiconductors, 
such as not only the silicon raised here but germanium, SiC, an III— V group, etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 The perspective diagram showing the gestalt of 1 operation of the semiconductor device with 
which this invention is concerned. 

fDrawing 21 The cross section showing the gestalt of 1 operation of the semiconductor device with which 
this invention is concerned. 

fDrawing 31 Another cross section showing the gestalt of 1 operation of the semiconductor device with 
which this invention is concerned. 

fDrawing 41 Surface drawing showing the gestalt of 1 operation of the semiconductor device with which this 
invention is concerned. 

fDrawing 51 The graph of the current amplification factor explaining the effect of this invention. 
[Description of Notations] 

1 — Substrate field 

2 — Drain field 

3 — Source field 

4 — MOS mold electrode 

5 — Insulator layer 

6 — Fixed potential insulation electrode 

7 — Channel field 

8 — Gate field 

_ . _ _ 9 . — Interlayer_insulation_film_ _ _ _ _ _ . _ _ _ .. _. _ . 

1 1 — Drain electrode 
13 — Source electrode 
18 — Gate electrode 
H — Channel thickness 
L — Channel length 
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^at8^iTa 0 

[0 0 14] 3 6CC«3jcli3W, [S]G<fS^l CDckO 
fttttfjattStCO^ioiKffibfcfeOT**^. BUIB5 1 

+ +yr (cc^ciia^) ^c^^^Mmm^^ti^m 
mmmnm (ra*>fe»E»©fflia) { 1 1 o > 
isr*^ se>tc % BuiBifficc^fa^ (-rab^s 

&\) 3&*WEiWR* + y r (cctttK?) tc*rr5»«i 

[0 0 15] 



(4) 

5 

***o< -^fcia^K:. |iTE©J:5KB#ffi*iRA/'Cft 
[00 17] *fc, »3»3I3BRC<IIW0«1*S6«: 

Tffi 5 i ft 6 ««»«*^ ±*T & - 
[0018] 

S 1 -0 4 *JfiOJ^S8 i fe^ , rBI*Cft 0 . 0 

1 «^»*®*RB4SrBI»H. 0 2«W®0T\ HI 

-e^o/ciKMH^a i t* 0", ia b < *a#B - b' kg 

[0019] b*ihi. 1 wn +mmmm, 2 »n-i 
Fu-f>«*L 3Binffly-xsi«r*4. 

naawJSiJMtstitraiJbasnTi**. s/c. 02 K 30 

fiS4<fctC:*-S HW*. U^ot, 

MO S 4 tt V - * »«c 3 4 «tc H«ffi"C* * 

6, coMos§yms4 4te^fli5^$>^>i±r mmm 

ccD*j»ftS5B©^**MI«r*S. 8»pl*»* 
s h »«rc* y - x«« 3 fcttdttr 

FW>««2±*6ti«5CC«LTl>*. 9» 
■MIBItNt'C**. HBFl/-f>IWli*-2^ 40 

F-rs fu^>*bl i 8»y-ni8(ct 

H3*CE*Sn-Cl>4*n««©IBlll*«0*"C*4. 
[0 0 2 0 ] WECDCri***^^*)*^^ 

4WSU 6TF. **W<D»»4r*»»*COC»T«Wr 50 
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[0 02 1 1 H5 BHuE©*S»(*»a ( * * * Jl/fflisJt 7 
WEIfi»«»ffi©ai*ffi* (HO)IiU froiETL 

i*<z)i*n*#iai*"< i lofTO^Ltf^^^o 

<-*fcfc©4, H#ffi©ffi:&{&*: {100} ilto< 

W9L «mB9flR r«8MM»j *C ( Ku-Y 

FBfttt) <DJtr*4. 
[0 02 2 ] HBKHSifc^ #«9J«:HiJofc, h«B 
*63»JBSI?ffi©H*fi*i (100} t*S h 7>l?X2<D 
3?*«**«*3W«C>. **** Wffibfcl-9>y;<*<D 

&tci><Dtc&, *a*f*$SB#4>fr <ti>6 0 0 V (DMS. 

L/c, $/c, BJ0*©FU-f> • y-*IB«Ett5VT 

[0 02 3 ] Hl-H4m StKWtfl£n32 
iUc/^3>^L/* C*i»«rEBI*a2tcffl 
*«?B-cttHuES»*?l3 6C7n"rcr4<. ft: 4*. 

■c. «-T-©si£B»tts* 5 ftfeiai^ffi*(a. -r&tofc 
{lio} si&ac&J:9K:a^ ^om^ifto^rfijr* 
S«fflec*fT<t*fii*s< 1 1 0>*iaiCcft4J:9K:1»J6 

0*tfti«J:l». 
[0 0 2 4] *»i!8«CC6c±t'/fc^ i ;=a>tcPfi 
e>T, y^V-^A, SiC, III-VlR*<fc^*** 

[BOKDtllWttWH] 

TKma. 

[04] *»IB0BB*>S*aH**BO— *JtOJg«*^ 

[05] *«IB(D«li**BilB"r4«ifc*«i*©y57. 
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